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Abstract
We consider the acceleration of particles (protons) in a plasma clot by an induced
field which appears due to the dissolving of the clot. The mechanism of this acceleration
is based on a model where the clot consists of double flat moving current layers. It
is assumed that the currents flow in opposite directions, while the clot moves in a
perpendicular one. It is shown that protons can reach the highest observed energy (of
the order of 1011 − 1012GeV), providing that the size of the clot is large enough.
1e-mail: sms25@po.cwru.edu
There is a well known problem in high energy cosmic rays physics of how one can explain
the existence in the universe of protons with the energy in the range of 1011 − 1012GeV.
Unfortunately all existing models do not successfully describe this phenomena.
In this paper we are going to discuss a mechanism that might explain the existence of
particles which have such high energies. This mechanism assumes that somewhere in the
universe there exist very large and sufficiently dense plasma clots. Such objects recently
were discovered in space, indeed these are the SS433 objects [1] and the jets from the active
galactic nuclei [2]. We also assume that inside the clots there exists an internal current as it
will be described below.
Plasma clots usually posses collective electromagnetic field. This field may be produced
by either a collective electric charge or a current inside the clot. The collision of the clot’s
particles with the medium, as well as the internal recombination in the cooling clot, are
responsible for dissolving of the moving clot. Therefore, the collective electromagnetic field
decreases, and the energy and the momentum of the vanishing field can be distributed
among the rest of the clot particles. This means that the energy of the collective field can be
transferred to a comparatively small number of particles, and those particles can reach high
energy. This effect might explain the origin of cosmic ray protons with the highest observed
energies. Recently, some events were discovered where the energies are larger than 1011 GeV
[3, 4, 5, 6].
As the first step toward the justification of the above proposed acceleration mechanism
, we shall show that the energy spectrum of accelerating particles is close to the observed
one. For this purpose it is natural to assume that the number of particles, say Np, in the
clot decreases exponentially in time
Np = N0 p exp(−αt) (1)
where N0 p is the initial number of particles in the clot and α is a slowly varying function of
time. Then, during the time interval dt the loss in the clot energy, dE, can be presented as
dE = ǫdNp (2)
where ǫ is the sum of the kinetic energy of a particle and a portion of the collective field
energy per one particle at a given instant of time. A part of energy dE is transferred to the
rest of the clot particles, such that each of them receives the energy portion dǫ
dǫ = −k
dE
Np
= kαǫdt (3)
where k is a proper fraction. This gives
ǫ = ǫ0 exp(αkt) (4)
Then a simple relation holds
Np
N0 p
=
(
ǫ
ǫ0
)− 1
k
(5)
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This spectrum is close to the observed one [7] if the parameter k is of the order of one-half
to two-thirds. This shows that a k-portion (k ≃ 0.5) of the energy of the clot’s collective
field per one particle can be transferred to the rest of the particles inside the clot.
To estimate the maximum of the energy the particles (protons) can gain, let us consider a
simple model as follows. We assume that the collective electromagnetic field is produced by
a current inside the clot. This current consists of the two double flat current layers flowing
in opposite directions, say x-direction. The current inside the single layer is composed by
both the electrons that have the velocity v(e)x and protons that have the velocity v
(p)
x . We
also suppose that both layers as whole system is moving in the perpendicular direction, say
the z-one, with the velocity vz relative to the medium.
Due to the above proposed model the current density in the reference frame K ′ where
the current layers are at rest can be expressed in the following form
j′x =


j′, if 0 < z′ < L′
−j′, if − L′ < z′ < 0
0, if |z′| > L′
, j′y = j
′
z = 0 (6)
where L′ is the effective width of the layer.
The corresponding vector-potential ~A′ and magnetic field ~B′ are (we present only the
none zero components )
A
′
x =


µ0j
′
z′(L
′
− z′/2), if 0 < z′ < L′
µ0j
′
z′(L′ + z′/2), if − L′ < z′ < 0
µ0j
′
L
′2/2, if z′ > L′
−µ0j
′
L
′2/2, if z′ < −L
′
(7)
B′y =


µ0j
′(L′ − z′), if 0 < z′ < L′
µ0j
′(L′ + z′), if − L′ < z′ < 0
0, if |z′| > L′
(8)
Due to the collisions with the medium particles part of the electrons and protons inside
the current layers live the clot. Because the plasma clot remains quasineutrality both number
of particles that leave the clot are the same. Therefore current density j′x decreases. In the
reference frame K ′ medium particles have the velocity vz directed opposite to the z-axis.
This velocity vz is the one of the current layer in the laboratory reference frame K where
the medium is at rest. In the reference frame K ′ the concentration of the clot electrons n′
inside the layer can be written in the following form
n′ = n′0 exp(−σN
′vzt
′) (9)
where n′0 is the initial concentration of the clot electrons in the layer, N
′ is the concentration
of the particles in the medium, and σ is the scattering cross section of an electron inside the
clot by the medium particles. Here we neglect the thermal motion of the electrons inside the
clot.
Let us now pass to the laboratory reference frame K. The component A′x of the vector
potential (7) does not transform because it is the transverse component of a 4-vector (as
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well as the current density j), although the variables it depends upon, do. Then this vector
potential in the reference frame K has the form
A±x =
µ0
2
j(z − vzt)[2L∓ (z − vzt)]γ
3
z , (10)
j = en′0vx exp{−σNvz(t−
vz
c2
z)γ2z}, (11)
γz = (1−
v2z
c2
)−
1
2 (12)
where the sign + corresponds to the region 0 < z− vzt < L, while the sign − corresponds to
the region −L < z − vzt < 0. The corresponding electric and magnetic fields are (non zero
components only)
B±y = B
±
y a +B
±
y c (13)
B±y c = µ0j[L∓ (z − vzt)]γ
3
z , B
±
y a = jµ0
v2z
2c2
σN(z − vzt)[2L± (z − vzt)]γ
5
z ,
E±x = E
±
xa + E
±
x c, (14)
E±x c = vzB
±
y c, E
±
x a =
c2
vz
B±y a
The fields E±x c and B
±
y c are the usual fields produced by the moving current, while the fields
E±x a and B
±
y a are the ones which appear due to the dissolving of the clot. The acceleration
effect we consider here (acceleration of the clot particles) is due to the fields E±xa and B
±
y a.
We estimate the maximum of the energy the particles can gain due to the described above
acceleration. Notice, that the potential (10) does not depend on the transverse coordinate
x. Therefore there exists an integral of motion
px + eAx = p0x + eA0x = const. (15)
where the index 0 labels the initial condition. As j→0, the potential Ax vanishes as well.
This allows one to find the maximum of the transverse momentum
(px)max = p0x + eA0x (16)
Let us consider now the longitudinal motion of the particles. The magnetic field B±ya produces
the Lorentz force
Fz = evxB
±
y a (17)
that acts on the electrons as well as on the protons in the positive z-direction in both regions
z − vzt > 0 and z − vzt < 0. It should be noticed that the field B
±
y a is responsible for
the acceleration of the clot as the whole system in z-direction. Some evidence of a such
acceleration were mentioned in [8].
Notice that the longitudinal force which is acting on the electrons is greater than the
one acting on the protons. This is because the transverse velocity vx of the electrons is
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greater than the one for the protons. Due to the quasineutrality of the clot, there appears a
longitudinal electric field Ez that decelerates the electrons and accelerates the protons.
The longitudinal equations of motion for both electrons (e) and protons (p) are
dpez
dt
= −eE±z + ev
e
xB
±
y a, (18)
dppz
dt
= eE±z + ev
p
xB
±
y a
As a result, one obtains
d(pez + p
p
z)
dt
= e(vex + v
p
x)B
±
y a (19)
The longitudinal force in eq.(19) is vz(v
e
x + v
p
x)/2c
2 times less than the force 2eE±z which is
acting on the e−p pair in the current direction. Therefore the acceleration in the x-direction
is at least not less than the one in the z-direction. This allows one to estimate the maximum
of the proton energy
ǫmax ≈ (px)maxc = c(px0 + eAx0) (20)
If the increase in the energy is much larger than the initial energy, then one finds
ǫmax ≈ ecAx0 ≈
µ0
2
ecj0(z0 − vz0)(2L0 ∓ (z0 − vz0t))γ
3
z0 (21)
where j0 is the initial current density.
One can accept an estimation
(z0 − vz0t)(2L0 ∓ (z0 − vz0t))γ
2
z0 ≈ L
′2
0 (22)
This leads to an estimation for the maximum energy
ǫmax ≈
µ0
2
ecj0L
′2
0 γz0 (23)
Thus we can write an estimation for the maximum gained energy
ǫmax ≈ 2j0L
′2
0 γz 010
−7(Gev) (24)
The relatively new evidences [9] and models [10] show that the values
L′0 ≈ (0.01− 0.1)pc
do not appear to be unrealistic. Accepting this estimation we can find the current density
j0 which is necessary for the protons to gain the maximum energy of the order of 10
11Gev.
This gives
j0 ≈ 5(10
−11 − 10−12)A/m2 (25)
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Estimate now the initial magnetic field which corresponds to the current density (25). As-
suming that the relativistic factor γz 0 is of the order of one we get from (13) the following
relation
B0 ≈ µ0j0L0 (26)
This yields
B0L0 ≈
ǫmax
ec
(27)
For ǫmax ≈ 10
11Gev and L0 ≈ 0.1pc the necessary value of the magnetic field is about 3Gs.
These estimations do not depend on the model. In order to prove this, we consider two
different models
1) Thin long coil. The vector potential which describes the current at the clot particles
location has the form
Aψ =
µ0
2
jar (28)
where r is the radius of the coil, and a is its thickness.
2) Thin round current loop. The vector potential describing the current at the clot
particles location has the form
Aψ =
µ0
2
ja2 ln(8R/a) (29)
where a is the radius of current string, and R the radius of the loop.
It can be shown that in these models the result (23) for the maximum energy has a
similar form if one makes the following substitutions
L
′2
0 →ar for the model (28)
L
′2
0 →a
2 ln(8R/a) for the model (29)
Similar effects appear when the collective field inside the clot is produced by an effective
electric charge in the clot instead of the current.
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